The improvement of laparoscopic techniques that we witnessed over the last decade, also applied to pancreatic surgery. Both worldwide and in Poland, increasingly more patients with lesions located within the body and tail of the pancreas are treated using laparoscopic distal pancreatectomy. the aim of the study was to compare the outcomes of laparoscopic and open distal pancreatectomy. material and method. Between January 2009 and March 2013, 107 patients underwent distal pancreatectomy at a single institution: 39 using laparoscopic technique and 68 using open technique. This was a retrospective study.
Results. There were no significance differences with regard to duration of the surgical procedure, duration of hospitalization and complication rate between both groups. Statistically significant difference was found for the incidence of spleen preservation in patients undergoing laparoscopy, due to better visualization of the structures. In the group of patients with pancreatic cancer there was no significance difference in the incidence of malignancy found in the surgical margin. Our results are similar to that presented in the literature. conclusions. Laparoscopic distal pancreatectomy is a safe method, with a higher rate of spleen preservation among the patients with the lesion located in the body and tail of the pancreas. Key words: distal pancreatectomy, laparoscopic surgery, pancreatic tumor First successful surgery of the body and tail of the pancreas was performed by Theodor Billroth in 1884, and first distal pancreatectomy was performed by Friedrich Trendelenburg two years earlier, however the latter case was never published since the operated patient had died on day one after the surgery (1) . Development of minimally invasive techniques resulted in change in the access to laparoscopic procedures of the pancreas. Knowledge of anatomy and physiology of the pancreas was established by the end of 19 th century. In 1898 Senn wrote that anatomy of the pancreas seemed favorable for the distal pancreatectomy. Jan Mikulicz-Radecki pointed out difficulties related to the pancreatic surgery; they remain valid even today. Surgical access to the pancreas requires ability of atrauamtic tissue dissection and knowledge of anatomy of the retroperitoneal space and diagnosis of pancreatic diseases can be very difficult (1, 2) . Development of laparoscopic techniques in surgery created new opportunities for development of the pancreatic surgery. First laparoscopic pancreatectomy was performed by Gagner'a (3) in 1994, and subsequently by Cuschieri (4) . Initially this method did not had many proponents since it was difficult, carried high risk of complications and required prolonged training. However, beginning of the 21 st century 590 M. Durlik et al.
witnessed a change of previous views. Multiple studies demonstrated that laparoscopic distal pancreatectomy was a safe procedure (5, 6, 7) . It was also proven to be associated with smaller perioperative stress and blood loss as well as allowed for the spleen preservation to higher extent than the conventional procedure (7). Unfortunately, there are only limited studies comparing open and laparoscopic distal pancreatic resection in large patient populations (8) (9) (10) (11) (12) , and majority of available publications are single center studies enrolling less than 50 patients.
The aim of this study conducted at a center that specialized in the pancreatic surgery and laparoscopic surgery, was to present outcomes of laparoscopic and conventional pancreatic resection with particular emphasis put on feasibility of minimally invasive techniques in the treatment of malignant tumors of the body and tail of the pancreas. Due to the location of the splenic vessels, distal pancreatectomy often involves "en bloc" splenectomy (13, 14) . Ligation and cutting of splenic vessels results in short gastric arteries being the sole source of blood supply to the spleen which can result in ischemia and infarction of the spleen. Despite that many authors, imitating a technique described by A. L. Warshaw, presented papers in which the technique involving ligation of splenic vessels with preservation of the spleen supplied by the short gastric arteries, was regarded as acceptable (13) . Preserving of the spleen is possible in majority of patients despite increased risk of intraoperative bleeding and related requirement for more accurate hemostasis, resulting in prolongation of duration of the procedure. Preserving of the spleen avoids the risk of life-threatening sepsis that occurs in 1 in 1000 adult patients after the surgery, most commonly caused by Streptococcus pneumoniae, Hemophilus influense and Neisseria meningitidis (15).
The incidence of complications of distal pancreatectomy does not differ from that of other major abdominal procedures. The most common complications include: wound infection, myocardial infarction, stroke, pulmonary embolism and pneumonia and occur in approximately 5% of patients who underwent surgical treatment (16, 17). Perioperative mortality is lower than 1%. Pancreatic fistula is a characteristic complication of distal pancreatectomy; this is related to difficulties in closing the pancreatic duct and according to various sources occurs in 10-40% of patients (18, 19) . Pancreatic fistula requires placement of ultrasound-or CT-guided percutaneous drainage and reoperation in some cases.
There are discrepancies with regard to the method of surgical management of the pancreatic remnant. According to some authors, the pancreatic remnant should be managed with a mechanical suture (20) , while others claim that it should be gradually ligated and the duct of Wirsung should be separately ligated (21). However, metaanalysis did not demonstrate any statistically significant advantage of any of the above mentioned method (22). Type 3 diabetes mellitus develops relatively uncommonly after the distal resection of the pancreas; this rate is 8 to 25% depending on source (16, 23). In majority of cases, patients with benign lesions or low grade malignancies undergo distal laparoscopic resection of the pancreas. These patients can expect complete cure. Use of laaproscopic techniques for the treatment of malignancies of the pancreas remains a controversial issue. An average overall survival in patients who undergo surgical treatment for cancer of the pancreatic duct is approximately two years, while 5-year survival rate is close to 20% (16, 17, 24).
MATERIAL AND METHODS
The analysis included patients who underwent surgical treatment at the Clinical Department of Gastroenterology and Transplantation, Central Clinical Hospital of the Ministry of Internal Affairs, Warsaw between January 2009 and March 2013. The following parameters were analyzed: age, sex, postoperative complications, duration of the procedure, duration of hospitalization, number of conversions to conventional procedures, preserving of the spleen, tumor size, histopathological diagnosis, radicality of the surgical procedure and presence of metastases in the lymph nodes. Patients with preoperative lesion extending beyond the pancreas and patients with advanced medical comorbidities were qualified to conventional procedures. Patients were qualified to laparoscopic procedures basing on results of imaging studies, if their tumor did not extend beyond the pancreatic parenchyma, but final decision regarding the method of surgical treatment in this group was taken by the patient after being informed of potential benefits and risks related to the method. This analysis was retrospective and could not be regarded as a randomized study. The study enrolled 107 patients: 39 of them underwent laparoscopic procedure and 68 underwent conventional procedure, including 12 patients who were initially qualified to the laparoscopic procedure and who required intraoperative conversion to conventional procedure; the latter group of patients was included in the conventional surgery group irrespective of individual reasons for the conversion.
Conventional distal pancreatectomy
In the conventional method, the patient was placed on his/her back, in a reverse Trendelenburg position. Access to the peritoneal cavity was through arch-like incision parallel to the costal arch, access to the pancreas was through opening of the omentum. The pancreas was dissected from the stomach using sharp and blunt methods and, if possible, from the splenic vessels. The body and tail of the pancreas were cut above the portal vein. Mattress sutures Mersilk 3.0 were put on the distal remnant or it was closed with a mechanical suture TA -45 mm.
Laparoscopic distal pancreatectomy
For the laparoscopic procedure, the patient was placed on his/her back. The operator stood between the lower extremities of the patient and his/her first assistant on the left and right side of the patient, respectively; this was possible due to two monitors being present in the operating theater ( fig. 1) . Access to the peritoneal cavity was provided by four trocars after creation of pneumoperitoneum with a Veres needle (pressure 12 mm Hg). After elevation of the major curvature of the stomach with a harmonic knife or bipolar electrodiathermy, the omental bursa was opened and the body and tail of the pancreas were exposed. Subsequently the head of the pancreas was cut from the body and tail ( fig. 2 ) using a stapler endo GIA 4.5 mm with a cartridge Duet (Coviden USA). The splenic vessels were spared ( fig. 3 ). Then the preparation was evacuated through a hole after the trocar, in a sterile bag (Endobag).
Postoperative complications
Postoperative complications were classified according to classification of Clavien from 1992 (25) applicable to complications of all types of surgical procedures. Grade I denotes minor complications that do not require additional surgical intervention, but only administration Fig. 1 
Statistical analysis
Obtained data were subjected to statistical analysis including sex and age of patients who underwent surgical treatment, type and duration of the surgical procedure, histopathological diagnosis and incidence and type of complications, with particular emphasis on pancreatic fistulas using t-Student test for independent variables.
RESULTS
Between 2009 and 2013, 107 distal pancreatic resections were performed at the Clinical Analysis of duration of the procedure, duration of the hospitalization and incidence of complications did not reveal any statistically significant differences. Incidence of the spleen resection was lower in patients who underwent laparoscopic procedure and this difference was statistically significant. Similar correlation was found for the tumor size. Major complications occurred with similar incidence in both patient groups and occurred in 6 (15.38%) patients after laparoscopic procedures: bleeding requiring revision in 2 cases (5.12%), pancreatic fistulas in 2 patients (5.12%), gastric perforation in 1 patient (2.56%), stroke and death in 1 case. Complications occurred in 11 (16.17%) patients after conventional procedures: abscesses requiring revision in 6 patients (8.82%), bleeding requiring repeated laparotomy in 1 patient (1.47%), 2 (3.4%) pancreatic fistula in 2 (2.94%) patients and cardiovascular-respiratory failure and death in 2 (2.94%) patients. All patients with pancreatic fistula, irrespective of type of surgical procedure, were assigned stage B according to ISGPF classification.
Malignancy was found in 22 (32.35%) of patients who underwent conventional procedures and in 7 (17.94%) of patients who underwent laparoscopic procedures; among patients who underwent conventional procedures, there was a case of a metastasis of the clear cell renal carcinoma to the pancreas, a case of neuroendocrine pancreatic cancer, while the remaining cases constituted ductal adenocarcinomas of the pancreas. The other patients underwent surgical treatment for benign lesions: 21 patients for chronic pancreatitis, 2 were initially qualified to a laparoscopic pro- cedure, but conversion was required due to problems with identification of structures during the procedure; 12 patients underwent surgical treatment for a neuroendocrine tumor: 6 underwent a laparoscopic procedure, while the other 6 underwent a conventional procedure; 11 patients underwent surgical treatment for a pancreatic pseudocyst: 6 underwent a laparoscopic procedure, while the other 5 underwent a conventional procedure; 12 patients for mucinous adenoma: 12 underwent a laparoscopic and 2 conventional procedure (tab. 3). Analysis of patients with a histopathological diagnosis of pancreatic cancer (tab. 4) did not reveal statistically significant differences between patients who underwent conventional and laparoscopic procedures. In 14% of patients who underwent a laparoscopic procedure and in 26% of patients who underwent a conventional procedure, histopathological R1 grade was found, i.e. malignant cells were found in the extraperitoneal margin closer than 1.5 m from the cutting line.
Conversion of a laparoscopic procedure to conventional one occurred in 11 patients (21.5%). Reasons for conversion included: bleeding in 7 (13.7%) of cases -bleeding from the splenic hilum region in 5 (9.8%) cases, splenic artery in 1 (1.9%) case, aorta in 1 (1.9%) patient. In 2 (3.9%) cases conversion was caused by massive peritoneal adhesions after previous surgical procedures, in 1 (1.9%) case by the tumor infiltrating surrounding structures, and in 1 (1.9%) changes after an old surgical procedure of the lumbar spine.
DISCUSSION
Laparoscopic surgery is currently a "gold standard" in the surgical treatment of the cholecystolithiasis, gastroesophageal reflux, esophageal achalasia and in bariatric surgery, is preferred in the treatment of majority of adrenal and splenic masses, is more and more common in the colorectal surgery in patients with inflammatory and malignant diseases. Initially laparoscopy in the pancreatic surgery was limited to diagnostic procedures during which the extent of the malignant process was established (27). Development of minimally invasive techniques and enlarging group of surgeons skilled in laparoscopic procedures According to the literature data, an average duration of a laparoscopic procedure is 3 to 5 hours, blood loss amounts to approximately 200 ml, spleen saving rate is approximately 62%, overall complication rate is 17 to 41%, while incidence of the pancreatic fistula is 4 to 38% depending on the source, duration of hospitalization from 4 to 11 days (30, 31, 33, 34) . In our study, duration of the procedure was shorter, an average approximately 1.5 hours, the spleen saving rate was 76.5%, and mean duration of hospitalization was 7 days. An average blood loss was 100 ml.
According to available literature, for conventional surgical procedure (34) an average duration of the procedure was 3.5 hours, the spleen saving rate was approximately 17%, incidence of complications approximately 31%, incidence of pancreatic fistula approximately 5%, and total blood loss was approximately 600 ml. In this study an average duration of the procedure was 1.5 hours, the spleen saving rate was 27.1%, an average duration of hospitalization was 8 days, while incidence of complications was 16.17%.
In our material the incidence of pancreatic fistula was 3.9% for laparoscopic procedure and 3.4% for conventional procedures. Lower rate of pancreatic fistulas in conventional surgical procedures versus the literature data seems to be related to two stage closure of the pancreatic parenchyma and separate ligation of the pancreatic duct.
Centers specializing in pancreatic surgery as well as laparoscopic surgery can achieve similar outcomes for laparoscopic procedures as for conventional surgical procedures.
Development of laparoscopic technique enabled minimally invasive resection of the pancreas that until recently was reserved for conventional surgical procedures. Unfortunately, there are only few randomized studies comparing laparoscopic and conventional distal pancreatectomies in large groups of patients (8) (9) (10) (11) (12) . Only few studies enrolled more than 20 patients (8, 9, 11, 35) . Laparoscopic procedures were shown to induce statistically significantly smaller blood loss, involve shorter hospitalization and moderately shorter duration of the surgical procedure (8, 35, 36) . The fact of significantly higher rate of the spleen preserving must be emphasized for the laparoscopic procedures (33, 34) . This is enabled by high quality of magnified HD (High Definition) image obtained during laparoscopy or daVinci robot-assisted surgical procedures, but at the cost of markedly increased financial costs of the procedure (37).
CONCLUSIONS
Laparoscopic distal pancreatectomy in a group of patients where the lesion does not extend beyond the pancreas, by an experi-enced team of surgeons, is a safe alternative for conventional procedures. It enables the spleen preserving in more cases. It has similar complication rate to conventional procedures. It should be the first choice treatment for benign pancreatic masses, and in selected patients also in the treatment of pancreatic cancer, at centers specializing both in the pancreatic surgery and laparoscopic surgery.
